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A B S T R A C T   

Introduction: It is estimated that up to one third of COVID-19 patients can develop long-lasting smell dysfunction. 
Viral infections, especially COVID-19, can cause anosmia through different pathomechanisms, and different 
strategies have been proposed for effectively managing post-COVID-19 olfactory dysfunction in clinical practice, 
with olfactory training being recommended as a first-line treatment option. 
Methods: This report describes a non-consecutive series of clinical cases. After COVID-19, eight cases (5 females, 3 
males) of adult patients with long-lasting (3+ months) post-viral smell dysfunction followed a 30-day olfactory 
training protocol with a set of plant-derived essential oils. At baseline and at the end of the treatment, the pa-
tients were administered the Assessment of Self-reported Olfactory Functioning (ASOF) questionnaire, an in-
ventory used to measure olfactory dysfunction and health-related quality of life. 
Results: For any of the outcomes assessed with the ASOF scale, a significant improvement from baseline was 
reported, even though mean value ameliorations were more pronounced for olfactory function per se (Subjective 
Olfactory Capability: from 3.6 to 5.6 out of 10; Self-Reported capability of Perceiving specific odors: from 1.8 to 
3.0 out of 5), rather than for health-related quality of life (Olfactory-Related Quality of life: from 2.9 to 3.9 out of 
6). 
Conclusions: It was observed that patients with long-lasting COVID-19-related smell dysfunction improved after a 
30-day olfactory training protocol. Further controlled clinical studies would be useful to better investigate the 
role of olfactory training in patients with postviral smell dysfunction.   

1. Introduction 

It is estimated that up to one third of COVID-19 patients can develop 
long-lasting smell dysfunction, including parosmia (qualitative distor-
tion of the normal sense of smell), hyposmia (reduced ability to detect 
odors) and anosmia (complete inability to detect odors) [1]. Viral in-
fections, especially COVID-19, can cause anosmia through different 
pathomechanisms, including inflammation of the nasal epithelium, 
early apoptosis of olfactory cells, changes in odor transmission, alter-
ations of nasal cilia, and damage of olfactory neurons and microglial 
cells [2]. 

Different strategies have been proposed for effectively managing 
post-COVID-19 olfactory dysfunction in clinical practice, with olfactory 

training being recommended as a first-line treatment option, along with 
a healthy diet, lifestyle changes (smoking cessation), and, in selected 
cases, corticosteroid drug therapy [3]. Since very limited treatment 
options exist for post-viral olfactory dysfunction and the prevalence of 
this health condition has markedly increased worldwide with the 
COVID-19 pandemic [1], this report aims to share our observations on a 
small sample of patients treated with a 30-day olfactory training pro-
tocol based on plant-derived essential oils already used in clinical 
aromatherapy. 

Abbreviations: ASOF, Assessment of Self-reported Olfactory Functioning; COVID-19, Coronavirus Disease 2019; ORQ, Olfactory-Related Quality of life scale; SD, 
Standard Deviation; SOC, Subjective Olfactory Capability scale; SRP, Self-Reported capability of Perceiving specific odors scale; TRP channels, Transient Receptor 
Potential channels. 

* Corresponding author. 
E-mail address: donelli.davide@gmail.com (D. Donelli).  

Contents lists available at ScienceDirect 

European Journal of Integrative Medicine 

journal homepage: www.sciencedirect.com/journal/european-journal-of-integrative-medicine 

https://doi.org/10.1016/j.eujim.2023.102253 
Received 2 October 2022; Received in revised form 11 April 2023; Accepted 13 April 2023   

mailto:donelli.davide@gmail.com
www.sciencedirect.com/science/journal/18763820
https://www.sciencedirect.com/journal/european-journal-of-integrative-medicine
https://doi.org/10.1016/j.eujim.2023.102253
https://doi.org/10.1016/j.eujim.2023.102253
https://doi.org/10.1016/j.eujim.2023.102253
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eujim.2023.102253&domain=pdf


European Journal of Integrative Medicine 60 (2023) 102253

2

2. Methods 

2.1. Information about the patients, clinical findings and timeline 

The CARE guidelines were followed to report our study results [4]. 
Here we describe eight cases (5 females, 3 males) of nonsmoker adult 
patients (age range: 25–66 years, median: 52.5 years) with long-lasting 
(3+ months) smell dysfunction after COVID-19, who followed a 30-day 
olfactory training protocol with a set of plant-derived essential oils. The 
most important characteristics of the cases described in this report are 
summarized in Table 1. None of the patients had severe comorbidities or 
suffered from previous Ear-Nose-Throat disorders; some of them took 
medicinal drugs every day for chronic illnesses, mostly cardiovascular, 
metabolic, and endocrine diseases. All patients were diagnosed with 
COVID-19 (positive nose swab PCR test) when they first developed 
anosmia, and this symptom either persisted as was after the viral 
infection resolution or turned into hyposmia or parosmia over time 
(Table 1). COVID-19 symptoms reported by the patients were not severe, 
as none of them developed respiratory insufficiency or life-threatening 
complications during the acute phase of SARS-CoV-2 infection. On 
average, the amount of time between the symptoms onset and the first 
olfactory training session was 6.5 ± 3.2 months (mean±SD). 

2.2. Informed consent and ethics clearance 

The informed consent was provided by the patients on a free and 
voluntary basis, and clinical data were fully anonymized, as per national 
and European laws (“GDPR - Regolamento 2016/679”). This research 
was conducted in accordance with the Declaration of Helsinki and its 
subsequent modifications [5]. Ethics approval was waived because of 
specific regulations of the local ethics committee: in fact, both the 
administration of the intervention and the outcome assessment were 
part of the patients’ routine care performed by two of the authors (D.D. 
and M.A., both licensed physicians). The COPE recommendations were 
followed and a blank copy of the patients’ informed consent is available 
for consultation in the Appendix [6]. 

2.3. Diagnostic assessment and therapeutic intervention 

After a baseline medical check-up (T0), the patients with post- 
COVID-19 smell disorders who sought medical advice were offered to 
follow an olfactory rehabilitation protocol: those who agreed, provided 
their written informed consent and were instructed to do the olfactory 
training at home. 

When collecting the patients’ medical history, it was assured that 
they were not allergic to any of the essential oils administered. The 30- 
day protocol included two olfactory training sessions every day (one in 
the morning and the other one in the evening), each of them lasting 
approximately 15 min. During every session, the patients had to smell a 
set of ten plant-derived essential oils through different patterns (deep 
inhalation, rapid sniffing) and in a pre-specified order, as follows:  

1 Peppermint (Mentha x piperita L.) essential oil is dominated by 
(-)-menthol, which has a refreshing, cool and mint note, and 
binds to M8 [7], A1 [8] and V3 [9] TRP channels.  

2 Lavender (hybrid) (Lavandula x intermedia Emeric ex Loisel) 
essential oil is dominated by R-(-)-linalool, which has a flowery- 
fresh odor, has been described as “herbaceous” in Roudnitska’s 
classification [10], and binds to A1 [11] and M8 [12] TRP 
channels.  

3 Lemon (Citrus × limon (L.) Osbeck) essential oil is dominated by 
(+)-limonene, which has a fresh, pleasant, orange-like smell, and 
has been described as member of the “fruity” category in Hen-
ning’s classification [13], and a member of the “Citrus” category 
in Roudnitska’s classification [10]. Ta
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4 Red spruce (Picea abies (L.) H. Karst) essential oil is dominated by 
camphene, alpha- and beta-pinenes, and has a typical pine-like 
odor.  

5 Frankincense (Boswellia sacra Flueck) essential oil is dominated 
by (E)-β-ocimene and monocyclic monoterpene hydrocarbons, 
such as (+)-limonene. (+)-Limonene has a fresh, pleasant and 
orange-like smell.  

6 Hyssop CT. pinocamphone (Hyssopus officinalis L.) essential oil is 
dominated by monoterpene bicyclic ketones, such as pinocam-
phone and iso-pinocamphone, and belongs to the “spice” and 
“herbaceous” categories in Roudnitska’s classification [10]. 

7 Cinnamon (Cinnamomum verum J. Presl) essential oil is domi-
nated by the aromatic aldehyde cinnamaldehyde, which binds to 
A1 [8] and V3 [14] TRP channels, and has a warm-spicy odor. 
This essential oil belongs to the “spice” category in Roudnitska’s 
classification [10].  

8 Cloves (Syzygium aromaticum (L.) Merr. & L.M.Perry) essential 
oil, characterized by a spicy odor, is dominated by the aromatic 
aldehyde eugenol, which binds to A1 [8], V3 [15] and M8 [16] 
TRP channels. This essential oil belongs to the “spice” category in 
Henning’s [13] and Roudnitska’s [10] classifications.  

9 Savory (Satureja montana L.) essential oil is dominated by the 
terpenic phenol carvacrol, which binds to A1 [15], V1 [17], V3 
[15] and M7 [18] TRP channels. This essential oil belongs to the 
“herbaceous” category in Roudnitska’s classification [10].  

10 Eucalyptus (Eucalyptus globulus Labill) essential oil is dominated 
by the monoterpenic oxide 1,8-cineole, which has a characteristic 
penetrating fresh smell and binds to M8 [19], A1 [19] and V3 [9] 
TRP channels. This essential oil belongs to the “resin-
ous/ethereal” category in Henning’s classification [13]. 

2.4. Follow-up and outcomes 

In order to assess any clinical improvements, the patients were 
administered the ASOF questionnaire, a self-reported inventory used to 
measure olfactory dysfunction and health-related quality of life [20]. 
The questionnaire was filled out by the patients both at baseline (T0), 
and at the end of the treatment (T1), when intervention adherence and 
tolerability were assessed with a short interview. None of the patients 
reported any adverse effect or discontinued the treatment in advance for 
any reason. 

The ASOF scales include the Subjective Olfactory Capability scale 
(SOC, 1 item), the Self-Reported capability of Perceiving specific odors 
scale (SRP, 5 items), and the Olfactory-Related Quality of life scale 
(ORQ, 6 items) [20]. For every patient analyzed, mean values of each of 
the three scales were calculated. Then, the one-way repeated measures 
ANOVA was used to detect any statistically significant (p<0.05) pre-post 
outcome change. 

3. Results 

The most relevant results are described in Table 2 and Figs. 1–3. For 
any of the outcomes assessed, a significant change-from-baseline 
improvement was reported, even though mean value ameliorations 
were more pronounced for olfactory function per se (SOC: from 3.6 to 
5.6 out of 10; SRP: from 1.8 to 3.0 out of 5), rather than for health- 
related quality of life (ORQ: from 2.9 to 3.9 out of 6). 

4. Discussion 

Our clinical findings suggest that olfactory training can help patients 
with post-viral smell dysfunction. Even though this condition tends to 
gradually improve with time, observational evidence indicates that 
around 7 months after the onset of COVID-19-related long-lasting smell 
problems, over one fourth of the subjects reported no changes or were 
even getting worse [21]. In contrast with these findings, all patients 

treated with our olfactory training protocol experienced a significant 
improvement in their smell function. Future trials with larger study 
samples should put this preliminary evidence to a test. 

From a mechanistic point of view, olfactory loss is usually associated 
with a significant reduction in olfactory bulb volume and function [22], 
a disarray of the olfactory neuroepithelium and a reduction in the 
number of olfactory receptors [23,24]. However, the olfactory system 
can show unique regenerative capacities [25]. The beneficial effects of 
essential oils as olfactory cues are probably due to their saliency and the 
binding capacity of volatile molecules to olfactory and non-olfactory 
receptors of the nasal mucosa: these mechanisms may favor regenera-
tive processes, with promising preclinical [26,27] and clinical results 
[28,29,30,31,32,33,34,35,36]. 

In fact, it appears that olfactory training leads to significant changes 
both at a peripheral and at a central level. The peripheral, bottom-up 
mechanisms seem to involve the olfactory neuroepithelium, with an 
increased olfactory expression and signs of cell stimulation (migrating 
neuroblasts, neural precursor cells, olfactory ensheathing cells) [36,27], 
via an initial stimulation of olfactory receptors followed by neurogenesis 
or enhanced synaptogenesis [37,38]. Odor stimulation can increase 
electro-olfactogram responses, and revert loss of olfactory receptor ac-
tivity and improve atrophy of the olfactory bulb [39,40]. 

The central, top-down, mechanisms regulate improvement in olfac-
tory and verbal functions (odor detection threshold, odor discrimination 
and identification) [33,34,41,42], cortical changes [28,34], modifica-
tions in brain connectivity [43] and increase in olfactory bulb volume 
[44]. In fact, olfactory training may induce extensive re-organizational 
processes in brain areas other than the olfactory one, and may 
strengthen higher cognitive function [40]. There appear to be psycho-
logical effects via the direct neural connections between the amygda-
la–hippocampal complex and the olfactory neuroepithelium [34,43]. 

Apart from the evidence that olfactory training can trigger central 
and peripheral changes, there is a dearth of data relative to the exact 
mechanisms of action of odorant molecules. In fact, since it has been 
demonstrated that even a low concentration of odorants can influence 
the patients’ recovery rate, it has been suggested that even the act of 
sniffing alone might have a positive effect on the outcome [33,34]. 
However, other scientists have only found marginal effects from the act 
of sniffing, thus highlighting the importance of specific volatile com-
pounds inhaled by the study participants [29]. In the available trials 
published so far, the specific identity of olfactory stimuli was not 
deemed important, and in fact many of the olfactory stimuli used in the 
various tests were not real essential oils but synthetic reconstructions, or 
isolated molecules, and there never was the intent to analyze whether 
some stimuli were more effective than others, probably because the 
specific identity of the stimuli was not considered as important as the 
ease of recognition of the stimuli and the consequent stimulation of 
olfactory memory [45]. Researchers have selected the odorants among 
panels of different smells, with the intent to stimulate a large number of 
receptors and wide brain regions. To do this, scientists have mostly used 

Table 2 
Baseline and follow-up average measures of the ASOF scales.   

SOC SRP ORQ 
T0 T1 T0 T1 T0 T1 

Mean 
[95% 
CI] 

3.6 
[2.5; 
4.7] 

5.6 
[4.5; 
6.7] 

1.8 
[1.3; 
2.4] 

3.0 
[2.4; 
3.5] 

2.9 
[2.3; 
3.6] 

3.9 
[3.2; 
4.6] 

ANOVA p=0.016 p=0.008 p=0.044 

Table legends. 
95% CI: 95% Confidence Interval. 
SOC=Subjective Olfactory Capability scale. 
SRP=Self-Reported capability of Perceiving specific odors scale. 
ORQ=Olfactory-Related Quality of life scale. 
T0=At baseline. 
T1=At the end of the 30-day olfactory training protocol. 

D. Donelli et al.                                                                                                                                                                                                                                 



European Journal of Integrative Medicine 60 (2023) 102253

4

classical perfumery classifications, which have the limit of being quite 
subjective and often overlapping. 

In this study, the choice of odorants has followed the same logic, but 
different classifications have been used (for example, the Gamble and 
Henning’s [13] and Roudnitska’s [10] classifications). Rather than only 
selecting one essential oil for each element of Henning’s odor prism 
[13], it has been decided to include a larger set of essential oils because 
it was observed that this option is associated with higher rates of clinical 
improvements in patients with postinfectious olfactory loss [46]. Addi-
tionally, when possible, the authors have considered the chemical 
structure of dominant molecules included in each essential oil, following 
the hypothesis that chemosensory perception is influenced by the mo-
lecular structure of volatile compounds. Moreover, essential oils were 
also chosen for their content in molecules capable of binding to 
non-olfactory receptors, such as the members of the transient receptor 
potential (TRP) family of cation channels. TRP channel activation results 
in a sensory modality called “trigeminality” or “chemesthesis”, which is 
related to the perception of texture, temperature, and pungency [47], 
but it might also play important functional roles in mammalian olfaction 
[48]. In this regard, current mechanistic data suggest a potential role of 
TRP channels in neurogenic and olfactory neuroepithelium 

inflammation in COVID-19 [49]. Finally, it has been proposed that the 
effects of the essential oils used in olfactory training depend on 
anti-inflammatory effects of some of their constituents, such as eugenol, 
1,8.cineole, geraniol and limonene [50]. Nevertheless, the concentra-
tion of these molecules in the olfactory neuroepithelium during olfac-
tory training is unlikely to be sufficient to cause significant effects, and 
this mechanism would not explain the top-down effects observed after 
the rehabilitation protocol. 

The set of essential oils used in this study represents a fairly wide 
range of odors with few overlaps. Additionally, the essential oils are 
almost all easily identifiable, and have also been selected for the pres-
ence of biomolecules active on TRP receptors, hoping that, in cases of 
very strong anosmia, this further stimulation, not linked to the olfactory 
epithelium, can facilitate the connection with odor memories. 

4.1. Patient perspectives 

All patients reported that the treatment proposed was well tolerated. 
Some of them declared that, at first, the olfactory training protocol was 
not so easy to memorize and, in order to avoid mistakes, the patients 
were given a full list of written instructions with references to the 

Fig. 1. Pre-post changes in the SOC scale values.  

Fig. 2. Pre-post changes in the SRP scale values.  
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essential oils and their order of inhalation. After almost losing their hope 
to recover their smell dysfunction, the patients were also happy to work 
on their health condition, for which very limited treatment options 
actually exist. 

4.2. Study limitations 

This report only involved a limited number of patients with hetero-
geneous comorbidities, and there was no control group to compare the 
efficacy of the intervention. The follow-up period coincided with the 
treatment duration, and there were no additional check-ups scheduled. 
Sources of bias typical of observational reports [51] and potentially 
associated with an overestimation of the treatment efficacy, such as 
selection bias, cannot be excluded. For this reason, large controlled 
studies are needed to test the efficacy of the intervention in subjects with 
smell dysfunction. All health-related information of the patients 
described were reported in Table 1 in order to minimize the so-called 
“information bias” and account for potential confounding factors. 
Finally, only a specific set of plant-derived essential oils was used, but 
other combinations may be possible and should be compared with each 
other. 

5. Conclusion 

In conclusion, it was observed that patients with long-lasting COVID- 
19-related smell dysfunction improved after a 30-day olfactory training 
protocol. Beneficial effects were described in terms of subjective olfac-
tory capability, self-reported capability of perceiving specific odors and 
olfactory-related quality of life. In the future, clinical studies, possibly 
including a placebo control group and a large study population, would 
be useful to better investigate and test the role of olfactory training in 
patients with post-viral smell dysfunction. 

Financial support 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

CRediT authorship contribution statement 

Davide Donelli: Conceptualization, Methodology, Software, Vali-
dation, Formal analysis, Investigation, Resources, Data curation, 
Writing original draft, Writing review & editing, Visualization, 

Supervision, Project administration. Michele Antonelli: Methodology, 
Software, Validation, Formal analysis, Data curation, Writing original 
draft, Writing review & editing, Visualization. Marco Valussi: Meth-
odology, Validation, Resources, Writing original draft, Writing review & 
editing, Visualization. 

Declaration of Competing Interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests: 
M.V. is a partner in the company Magnifica Essenza srl (Cavalese (TN), 
Italy) an essential oil manufacturing company. The other authors (D.D. 
and M.A.) have no competing interests to declare. 

Data availability 

Not applicable. 

Acknowledgments 

None. 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.eujim.2023.102253. 

References 

[1] Y. Zhu, M. Cao, P. Zheng, W. Shen, Residual olfactory dysfunction in coronavirus 
disease 2019 patients after long term recovery, J. Clin. Neurosci. Off. J. Neurosurg. 
Soc. Aust. 93 (November) (2021) 31–35. 

[2] R. Najafloo, J. Majidi, A. Asghari, M. Aleemardani, S.K. Kamrava, S. Simorgh, 
A. Seifalian, Z. Bagher, AM. Seifalian, Mechanism of anosmia caused by symptoms 
of COVID-19 and emerging treatments, ACS Chem. Neurosci. 12 (20) (2021) 
3795–3805. 

[3] T.J. Wu, A.C. Yu, J.T. Lee, Management of post-COVID-19 olfactory dysfunction, 
Curr. Treat. Options Allergy 9 (1) (2022) 1–18. 

[4] J.J. Gagnier, G. Kienle, D.G. Altman, D. Moher, H. Sox, D. Riley, CARE Group, The 
CARE guidelines: consensus-based clinical case report guideline development, 
J. Diet. Suppl. 10 (4) (2013) 381–390. 

[5] E.J. Emanuel, C.C. Grady, R.A. Crouch, R.K. Lie, F.G. Miller, The Oxford Textbook 
of Clinical Research Ethics, OUP, USA, 2011. 

[6] Journals’ best practices for ensuring consent for publishing medical case reports: 
guidance from COPE, COPE: Committee on Publication Ethics. https://publicatio 
nethics.org/resources/guidelines/journals%E2%80%99-best-practices-ensuring-co 
nsent-publishing-medical-case-reports (accessed 4 April 2023). 

[7] C.S. Zuker, Neurobiology: a cool ion channel, Nature 416 (6876) (2002) 27–28. 

Fig. 3. Pre-post changes in the ORQ scale values.  

D. Donelli et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.eujim.2023.102253
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0049
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0049
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0049
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0031
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0031
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0031
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0031
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0045
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0045
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0010
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0010
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0010
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0008
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0008
https://publicationethics.org/resources/guidelines/journals%E2%80%99-best-practices-ensuring-consent-publishing-medical-case-reports
https://publicationethics.org/resources/guidelines/journals%E2%80%99-best-practices-ensuring-consent-publishing-medical-case-reports
https://publicationethics.org/resources/guidelines/journals%E2%80%99-best-practices-ensuring-consent-publishing-medical-case-reports
http://refhub.elsevier.com/S1876-3820(23)00029-X/sbref0051


European Journal of Integrative Medicine 60 (2023) 102253

6

[8] M. Bandell, GM. Story, S.W. Hwang, V. Viswanath, SR. Eid, MJ. Petrus, TJ. Earley, 
A. Patapoutian, Noxious cold ion channel TRPA1 is activated by pungent 
compounds and Bradykinin, Neuron 41 (6) (2004) 849–857. 

[9] M.A. Sherkheli, H. Benecke, J.F. Doerner, O. Kletke, A.K. Vogt-Eisele, 
G. Gisselmann, H. Hatt, Monoterpenoids induce agonist-specific desensitization of 
transient receptor potential vanilloid-3 (TRPV3) ion channels, J. Pharm. Pharm. 
Sci. Pub. Can. Soc. Pharm. Sci. Societe Canadienne Des Sciences Pharmaceutiques 
12 (1) (2009) 116–128. 

[10] Edmond Roudnitska: Le Parfum Synopsis Based On the 6th Edition (2000). http 
://www.scentedpages.com/pdf/le_parfum.pdf (accessed 9 August 2022). 

[11] C.E. Riera, C. Menozzi-Smarrito, M. Affolter, S. Michlig, C. Munari, F. Robert, 
H. Vogel, S.A. Simon, J. le Coutre, Compounds from sichuan and melegueta 
peppers activate, covalently and non-covalently, TRPA1 and TRPV1 channels, Br. 
J. Pharmacol. 157 (8) (2009) 1398–1409. 

[12] V. Becker, X. Hui, L. Nalbach, E. Ampofo, P. Lipp, MD. Menger, MW. Laschke, 
Y. Gu, Linalool inhibits the angiogenic activity of endothelial cells by 
downregulating intracellular ATP levels and activating TRPM8, Angiogenesis 24 
(3) (2021) 613–630. 

[13] E.A.M Gamble, H. Henning, Der Geruch, Am. J. Psychol. 32 (2) (1921) 290. 
[14] LJ. Macpherson, S.W. Hwang, T. Miyamoto, AE. Dubin, A. Patapoutian, GM. Story, 

More than cool: promiscuous relationships of menthol and other sensory 
compounds, Mol. Cell. Neurosci. 32 (4) (2006) 335–343. 

[15] H. Xu, M. Delling, J.C. Jun, D.E. Clapham, Oregano, thyme and clove-derived 
flavors and skin sensitizers activate specific TRP channels, Nat. Neurosci. 9 (5) 
(2006) 628–635. 

[16] Yi Liu, N. Qin, TRPM8 in health and disease: cold sensing and beyond, Adv. Exp. 
Med. Biol. 704 (2011) 185–208. 

[17] A.H. Klein, M.I. Carstens, E. Carstens, Eugenol and carvacrol induce temporally 
desensitizing patterns of oral irritation and enhance innocuous warmth and 
noxious heat sensation on the tongue, Pain 154 (10) (2013) 2078–2087. 

[18] M. Parnas, M. Peters, D. Dadon, S. Lev, I. Vertkin, I. Slutsky, B. Minke, Carvacrol is 
a novel inhibitor of drosophila TRPL and mammalian TRPM7 channels, Cell 
Calcium 45 (3) (2009) 300–309. 

[19] M. Takaishi, F. Fujita, K. Uchida, S. Yamamoto, M. Sawada Shimizu, C. Hatai 
Uotsu, M. Shimizu, M. Tominaga, 1,8-Cineole, a TRPM8 agonist, is a novel natural 
antagonist of human TRPA1, Mol. Pain 8 (November) (2012) 86. 

[20] G. Pusswald, E. Auff, J. Lehrner, Development of a brief self-report inventory to 
measure olfactory dysfunction and quality of life in patients with problems with 
the sense of smell, Chemosens. Percept. 5 (3–4) (2012) 292–299. 

[21] B. Prem, D.T. Liu, G. Besser, G. Sharma, L.E. Dultinger, S.V. Hofer, M. 
M. Matiasczyk, B. Renner, C.A. Mueller, Long-lasting olfactory dysfunction in 
COVID-19 patients, Eur. Arch. Oto-Rhino-Laryngol. Off. J. Eur. Fed. Oto-Rhino- 
Laryngol. Soc. Affil. German Soc. Oto-Rhino-Laryngol. Head Neck Surg. 279 (7) 
(2022) 3485–3492. 

[22] Ph Rombaux, H. Potier, E. Markessis, T. Duprez, T. Hummel, Olfactory bulb 
volume and depth of olfactory sulcus in patients with idiopathic olfactory loss, Eur. 
Arch. Oto-Rhino-Laryngol. (2010), https://doi.org/10.1007/s00405-010-1230-2. 

[23] B.W. Jafek, P.M. Eller, B.A. Esses, D.T. Moran, Post-traumatic anosmia. 
Ultrastructural correlates, Arch. Neurol. 46 (3) (1989) 300–304. 

[24] D.T. Moran, B.W. Jafek, P.M. Eller, J.C. Rowley 3rd, Ultrastructural histopathology 
of human olfactory dysfunction, Microsc. Res. Technol. 23 (2) (1992) 103–110. 

[25] D.A. Wilson, A.R. Best, R.M. Sullivan, Plasticity in the olfactory system: lessons for 
the neurobiology of memory, Neurosci. Rev. J. Bringing Neurobiol. Neurol. 
Psychiatry 10 (6) (2004) 513–524. 

[26] R. Hudson, H. Distel, Induced peripheral sensitivity in the developing vertebrate 
olfactory system, Ann. N. Y. Acad. Sci. 855 (November) (1998) 109–115. 

[27] S.L. Youngentob, P.F. Kent, Enhancement of odorant-induced mucosal activity 
patterns in rats trained on an odorant identification task, Brain Res. 670 (1) (1995) 
82–88. 

[28] S. Borromeo, C. Gomez-Calero, E. Molina, J. Fernández-Huete, N. Martínez-Monge, 
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